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Figure 1. Lower Clear Creek reach delineations. Modified from McBain and Trush 2001.
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Figure 2. Lower Clear Creek watershed location map. Modified from McBain and Trush 2001.
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Figure 3. Temporal and spatial characteristics of anadromous fish populations in Clear Creek (from Alexander

et al. 2003, p. 82).
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Watershed Inputs
-water

-sediment

-nutrients

-energy

-large woody debris
-chemical pollutants

\

Fluvial Geomorphic Processes
-sediment transport, deposition, and scour
-channel migration and bank erosion
-floodplain construction and inundation
-surface and groundwater interactions

Geomorphic Attributes
-channel morphology (channel cross
section, slope, bed and bank composition)
-floodplain morphology
-water turbidity
-water temperature

"
Habitat Structure, Complexity, and

Connectivity
-instream aquatic habitat

-shaded riparian agquatic habitat
-riparian woodlands
-seasonally inundated floodplain wetlands

Biotic Response
{aquatic, riparian, and terrestrial plants and animals)
-abundance and distribufion of native
and exotic species
-community composition and structure
-food web structure

Stillwater Sciences

Figure 4. Hierarchy of processes resulting from watershed disturbances.
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Figure 5. Empirical flood frequency curves for peak flows in lower Clear Creek before (open symbols) and after
(closed symbols) construction of Whiskeytown Dam. “Ordinary” peak flows have been affected more than extreme
flows. (Source: Williams and Kondolf 1999).
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Figure 6a. Conceptual model of reference condition processes and linkages in Reaches 1 and 2: unregulated bedrock-

confined gravel bed river.
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Figure 6b: Conceptual model of reference condition processes and linkages in Reaches 3 and 4: unregulated,
unconfined gravel bed river.
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Figure 7a: Conceptual model of processes and linkages for a gravel bed (confined) river, Reach 1, Lower Clear
Creek, CONDITIONS PRIOR TO RESTORATION.
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Figure 7b: Conceptual model of processes and linkages for a gravel bed (confined) river, Reach 2, Lower Clear
Creek, CONDITIONS PRIOR TO RESTORATION.
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Figure 7c: Conceptual model of processes and linkages for a gravel bed (unconfined) river, Reach 3, Lower Clear
Creek, CONDITIONS PRIOR TO RESTORATION.
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Figure 7d: Conceptual model of processes and linkages for a gravel bed (unconfined) river, Reach 4, Lower Clear
Creek, CONDITIONS PRIOR TO RESTORATION.
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Figure 8a: Conceptual model of processes and linkages for a gravel bed (confined) river, Reach 1, Lower Clear
Creek, CONDITIONS FOLLOWING RESTORATION.



INPUTS

PROCESS

FORM

HABITAT

BIOTIC RESPONSE

/ Coarse sediment \ Large woody debris

Water Fine sediment
*Regulated by Whiskeytown Dam *Whiskeytown Dam Whiskeytown Dam traps upstream supply *Whiskeytown Dam traps
Managed peak flows of 3,000-5,000 traps upstream supply «Supply by Paige Boulder Creek, bank upstream supply
cfs every 3 years to scour pools, turn *Supply by Paige erosion, and minor tributaries *RECRUITED THROUGH
riffles and inundate floodplain Boulder Creek, bank «GRAVEL AUGMENTATION FROM REACH BANK EROSION AND
erosion, and minor 1? INFUSION? (HOW MUCH GRAVEL IS \STREAMS|DE SOURCES
tributaries NEEDED?) I
N —— 4
A\ 4 \ 4
Floodplain inundation Y Bank erosion L
P Fine sediment transport . .| Coarse sediment transport
» Every 3 years P » Occasional due to peak —>
I » Suspended load and bedload <~ * Bedload
 Duration limited by cost - flows and scour of <
* Rate limited by supply . * Moderate frequency
vegetation from channel
l v v v
A\ 4 y A\ 4
Floodplain construction NGl 1) imi o LUME LS
. Modera?e fine sediment « Limited channel migration sLimited to short *POOL VOLUMES « Cobble, some
ooos o (bedrock) unco_nflned rea(_:r_\es_ INCREASED BY SCOUR interstitial sand
. FFI)ood \ain scouring unlikel - Very rare meander *Sediment mobilization OF FINE SEDIMENT « Increased mobilization
P g y cutoff/avulsion * *POOL FREQUENCY * Flushing of fines
" Floodplain & riparian habitat v Spawning habYtat
o .gmlted in extenkt].(bedr.o%lfl). Rearing habitat -lelte_d to pgckﬁt |
) ome topographic variability «Availability of pool holding spawning and channe
5 * Restricted dynamic patch mosaic habitat expansion zones
S ; leltte'd Idtlvers_ltt'y of aquatic- «Some low velocity shelter -Increast()e_:z_l gravel
I errestrial transition zone and feeding habitat permeability _
— » Moderate frequency shallow Availability of suitable
n water feeding habitat I gravel sizes
— Terrestrial flora
(g * Limited riparian recruitment of fresh Some salmon
o surfaces l— carcasses v v
o * Episodic scour of marginal vegetation T Aquatic fauna
o * Restricted diversity of native riparian AUtfient inputs Moderate foodweb « Moderate diversity and abundance
c communities _ +inp support of native species including
= * Restricted diversity & extent of native to river 7'} invertebrates, salmon, and steelhead
§ floodplain flora
@©
2 e . ¢
Floodplain Channel

Figure 8b: Conceptual model of processes and linkages for a gravel bed (confined) river, Reach 2, Lower Clear

Creek, CONDITIONS FOLLOWING RESTORATION.
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Figure 8c: Conceptual model of processes and linkages for a gravel bed (unconfined) river, Reach 3, Lower Clear
Creek, CONDITIONS FOLLOWING RESTORATION.
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Figure 8d: Conceptual model of processes and linkages for a gravel bed (unconfined) river, Reach 4, Lower Clear

Creek, CONDITIONS FOLLOWING RESTORATION.



Categories of Uncertainties and their Probabilities

Management
Actions Hydrologic Geomorphic Biological Response Economic Outcomes
- . Uncertainties Uncertainties Uncertainties Uncertainties
Whiskeytown Releases / Reservoir
d Ope:jatlonl Rules - Wa:]grr)]/ear Water Supply from Reach and size Effects of Q on Minimum flow Foregone Juvenile Egg-to-Smolt
epenaent ow (QA) & '9 (QB) year type Trinity/ fraction specific quantity and required for Power Generation production survival rate
flow target regimes with specific Requirements SED transport quality of upstream Costs
sediment (SED), large woody to Sacramento rates as a spawning habitat passage of
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. . movement
QA,,QB,,SED,,LWD,, RL,-
Index of riparian Index of
a,b k,— a, b,— q,—— $d— seedbed riparian
QA,,QB,,SED,,LWD,, RL,~ creation & seedling
ab,k a, b, q,— e establishment survival
QA;,QB,,SED,;,LWD,,RL, a,,b, .k, a,, b,— s $f MODEL
Q@ $g——
QA,.QB,,SED,LWD,,RL,—
a,b k— a,b— 9;—— $h——
. Foregone Index of
. . : . power Recreation
QA,,QB,,SED,,LWD_,RL,— . : . ) ) ) revenues Impact

Index of Flood
Risk

Figure 9: Example “base case” or present uncertainty decision analysis showing example actions, uncertain
states of nature, and performance indicators (used to assess achievement of specific objectives) to illustrate
the problem of restoring channel processes and salmonid habitat in Clear Creek. “Q” refers to the Clear Creek
discharge. (Source: Alexander et al. 2003).



Categories of Uncertainties and their Probabilities

Adaptive
Management Hydrologic Geomorphic Biological Response Economic
Plans Uncertainties Uncertainties Uncertainties Uncertainties Outcomes
Water Supply from/ Reach and size Effects of Q on Minimum flow Foregone Updated Cost of Experiment
. . year type Requirements fraction specific quantity and required for Power Generation Probabilities (collecting
Experimental Whlskeytpwn to other rivers SED transport quality of upstream & Recreation for Alt. SED information +
Releases / Reservoir rates as a spawning habitat passage of Revenues, transport foregone power
Operations function of Q chinook Irrigation Costs Relationships ~ generation, other
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True State of Nature

Use to update probabilities
for alternative hypotheses in base case 0.3
decision analysis (previous decision tree)
Probapiity
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Sediment Transport Rate Hypothesis

Figure 10: Example decision tree for evaluating the value of information and impact on decisions of doing adaptive
management. Actions become alternative flow experiments and survey designs. The key result from adaptive
management is the change in probabilities for key uncertainties (in this example sediment transport rates as one
example) along with the cost of the experiment. These new probabilities then replace the previous weights used

in the present uncertainty decision analysis (Figure 2.5.X). By updating the results of the base case decision
analysis with the new probabilities, decision analysis reveals what you would have done with and without the new
information. If a different action is chosen and the experiment is of acceptable cost and statistical power—adaptive
management is worth it (because the expected outcomes will be more reliable).
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Figure 11: Whiskeytown Dam and Reservoir and its major outlet works. cfs = cubic feet per second. CARR =
Judge Francis Carr tunnel and Power Plant. Spring Creek = Spring Creek tunnel and Power Plant. Q =
discharge in cfs.



Magnitude for November to June floods, 1965 to
2002 (where Glory Hole release > 50 cfs).
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Figure 12: Magnitude of November to June floods, 1965 to 2002 (where Glory Hole release > 50 cfs). n=135
(N=14244). n = number of observations meeting criteria. N = total number of daily observations in the
period of record used. Q = discharge in cubic feet per second.



Magnitude for November to June tributary
flows 1965 to 2002 (where Glory Hole
release > 50 cfs). n=135 (N=14244)
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Figure 13: Magnitude of November to June tributary flows, 1965 to 2002, as measured by difference between
flow at 1go gage and flows exiting Whiskeytown dam (for cases where Glory Hole release > 50 cfs). n = number
of observations meeting criteria. N = total number of daily observations in the period of record used.



25th percentile categorizations for total monthly natural inflows into
Whiskeytown Reservoir (1965 to 2002)
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Figure 14a: Quartiles for total natural (outside management control) monthly inflow to Clear Creek, 1965 to
2002.




25th percentile categorizations for total monthly JF Carr inflows into
Whiskeytown Reservoir (1965 to 2002)
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Figure 14b: Quartiles for total monthly inflow (under management control) from the Trinity river, through the
JF Carr tunnel, 1965 to 2002.




25th percentile categorizations for total monthly Spring Creek outflows from
Whiskeytown Reservoir (1965 to 2002)
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Figure 15a: Quartiles for the total monthly outflow through Spring Creek tunnel (under management control),
1965 to 2002.
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Figure 15b: Quartiles for the total monthly outflow to Clear Creek, 1965 to 2002.




Whiskeytown Reservoir: 1965 to 1999
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Figure 16: Historical Glory Hole discharge (cubic feet per second) as a function of Whiskeytown Reservoir water
surface elevation (1965 to 1999). Red dot indicates the design maximum release (28,000 cfs) and the design
elevation at which this flow would occur (this flow is not a part of the 1965 to 1999 record).



